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Suppression of potassium-recycling in the renal medulla by
short-term potassium deprivation. Recently we proposed that p0-
tassium, like urea, normally undergoes medullary recycling from
collecting tubule to the pars recta or descending limb of the jux-
tamedullary nephron and suggested that the extent of recycling is
a function of the concentration of potassium in collecting tubule
fluid. To test this hypothesis further, we fed young rats a potas-
sium-free diet for 3 days and then prepared them for micro-
puncture of the left renal papilla. Compared to findings in nor-
mally fed animals, potassium deprivation caused a significant fall
in plasma potassium and urinary excretion of potassium. There
was a striking decrease in the fraction of filtered potassium re-
maining at the end of the juxtamedullary descending limb from 94
11% to 38 3% (P <0.001). The latter value is not significant-
ly different from the fraction of filtered sodium remaining (36
4%) and suggests that net addition of potassium to the pars recta
or descending limb was completely abolished. A correlation was
observed between the fraction of filtered potassium remaining at
the end of the descending limb and either urinary potassium ex-
cretion (P < 0.001) or urinary potassium concentration (P <
0.001) in the contralateral unexposed kidney. These results lend
further support to the hypothesis of medullary recycling of potas-
sium.
Suppression du recyclage du potassium dans Ia médullaire ré-
nale par une courte privation de potassium. Nous avons indiqué
récemment que Ic potassium, comme l'urée, subit un recyclage
dans la médullaire rénale a partir du tube collecteur jusqu'à Ia
pars recta ou la branche descendante du néphron juxta-médul-
laire et nous avons suggéré que l'importance du recyclage est
une fonction de Ia concentration de potassium dans l'urine du
canal collecteur. Afin de mieux évaluer cette hypothèse, de
jeunes rats ont recu une alimentation exempte de potassium
pendant trois jours, puis ont été préparés pour des micro-
ponctions de la papille rénale gauche. Par comparaison avec les
constatations faites chez les animaux nourris normalement, Ia
privation de potassium determine une diminution significative et
de la kaliémie et de l'excrétion urinaire du potassium. Une dimi-
nution importante de la fraction du potassium filtré délivrée a Ia
fin de la branche descendante juxta-médullaire a été observée
(94 ll%à38 3%;P <0,001). Cettedernièrevaleurn'estpas
significativement diffdrente de Ia fraction du sodium filtré dé-
livrée au méme endroit (36 4%) ce qui suggère que l'addition
nette du potassium a Ia pars recta ou a la branche descendante a
été complètenient abolie. Une correlation a été observée entre
Ia faction du potassium filtré délivrCe a la fin de Ia branche dc-
scendante et l'excrétion urinaire de potassium (P <0,001) aussi
bien que Ia concentration de potassium urinaire (P < 0,001) du
rein controlatéral, non exposé. Ces résultats apportent des argu-
ments supplementaires a l'hypothése du recyclage médullaire du
potassium.
Previous studies from this laboratory have sug-
gested that potassium is normally secreted into the
pars recta or descending limb of the juxtamedullary
nephron of the rat [1], a phenomenon which is en-
hanced by a high-potassium diet [2]. Furthermore,
amiloride, a drug which blocks potassium secretion
downstream in the distal and collecting tubule,
sharply reduced potassium secretion upstream in
the juxtamedullary pars recta or descending limb
[2]. Analysis of the results revealed that the fraction
of filtered potassium remaining at the end of the jux-
tamedullary descending limb was a function of uri-
nary potassium excretion and in particular was pro-
portional to urinary potassium concentration. We
proposed that potassium is reabsorbed by the mcd-
ullary collecting tubule, trapped in the medullary in-
terstitium by countercurrent exchange, and se-
creted in either the pars recta or descending limb of
the juxtamedullary nephron, that is, that potassium
normally undergoes medullary recycling like urea
[2].
If our hypothesis is correct, then any maneuver
which reduces urinary potassium excretion should
diminish potassium secretion into the pars recta or
descending limb of the juxtamedullary nephron.
The purpose of the present experiments was to de-
termine the effect of dietary potassium deprivation
on the medullary recycling of potassium.
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Methods
Nineteen young male and female Munich-Wistar
rats, each weighing 60 to 100 g, were used in this
study. The animals were fed a commercial potas-
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sium-deficient diet (ICN Pharmaceuticals, Inc.,
Cleveland, Ohio, Cat. #904665) for 3 days prior to
the day of the study. To insure that animals in the
experimental group were eating the diet, we mon-
itored the body weight and food intake of 6 rats
given the potassium-deficient diet and of 6 rats re-
ceiving the control diet. On the day of the experi-
ment, the animals were anesthetized with mactin
(100 mg/kg body wt) (Henly and Company, New
York, New York) and prepared for micropuncture
of the left renal papilla as previously described [3].
The animals received a continuous infusion of 0.9%
saline (0.03 mllmin) containing inulin in a sufficient
quantity to maintain plasma levels at 60 to 100 mgI
dl. Urine from the right unexposed kidney was col-
lected through a bladder catheter.
In 15 rats, tubule fluid was collected for 2 to 6 mm
from near the end of the descending limb of the jux-
tame dullary loop of Henle with pipettes having a tip
diameter of 5 to 7 m. In 5 animals, blood was col-
lected from the vasa recta with pipettes having a tip
diameter of 9 to 10 jsm. After samples were ob-
tained, the pipettes were inverted to allow red blood
cells to separate from plasma. The plasma was then
expelled under oil onto a plastic sampling trough.
To insure that vasa recta plasma samples were not
contaminated by urine bathing the exposed papilla
or from adjacent collecting tubules, we used the fol-
lowing criterion [4, 5]: The inulin concentration in
vasa recta samples must not exceed that of systemic
plasma by a value which represents 10% of the in-
ulin concentration in papillary urine, calculated as
([VR1 — P1]/CD1) >< 100
where VR1, P1, and CD1 are the concentrations of
inulin in vasa recta plasma, systemic plasma, and
collecting duct fluid, respectively. We corrected the
values in vasa recta plasma for plasma water, as-
suming a plasma protein concentration of 7 g/dl [4,
6]. Samples were also obtained from collecting tu-
bules with pipettes having a tip diameter of 9 to 12
jsm.
The concentration of inulin, sodium, potassium,
and osmolality of the loop of Henle and the collect-
ing tubule fluid, the vasa recta plasma, the arterial
plasma, and the urine were determined by methods
previously described [7, 8].
Values for each parameter in the loop fluid collec-
tions were averaged and considered as one datum
for each animal. Statistical analysis between and
within groups was done using Student's t test for
comparing two independent means. A regression
analysis was performed by the least-squares meth-
od[9].
Results
Although there was no difference in dietary in-
take between the two groups, the animals fed the
potassium-deficient diet did not gain weight as read-
ily as rats maintained on the normal diet (2.5%
weight gain vs. 6.0% weight gain, respectively, in 3
days; P < 0.005). The difference in total body
weight between the control and experimental ani-
mals is greater than the difference in weight gain
(P < 0.001; Table 1). Because of this unexpected
finding, we selected rats in the control group with
body weights comparable to the experimental group
(1) such that the mean difference in weight between the
Table 1. Values for arterial blood and right kidney functiona
Arterial blood (plasma)
Blood pressure, mm Hg1
Hematocrit
Sodium, mEq/liter1
Potassium, mEqIliter1
Right kidney function
V, pilmin' g kidney wr'
GFR, pJImin' g kidney w11
Osinolality, mOsm/kg H20
U/P inulin
FENa, %
FEK, %
Weights
Body weight, g
Kidney weight, g
Left kidney
Right kidney
Normal potassium diet
(N = 18)
92 2
40 I
149 1
4.4 0.1
4.5 0.3
1120 40
1720 74
252
2
2
0.43 0.00
0.41 0.02
3.1
671
1204
236
0.2
2.5
0.3
30b
63b
20
0.1
04b
Potassium deprivation(N = 15)
90 2
38 2
142 2b
1.8 03b
Data are means SEM. Abbreviations are N, number of rats; V, urine flow rate; U/P, urine-to-plasma ratio; FE, fractional excretion
(in percentage of filtered load).
' P < 0.001.
e P < 0.005.
78 3b
0.51 001h
0.53 002b
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two groups was not significant. The differences and
similarities in results between rats fed the potas-
sium-deficient diet and the animals in the selected
control group (N = 8) were the same as the dif-
ferences and similarities, respectively, between the
potassium-deficient rats and the entire group of con-
trol animals (N = 18). Therefore, the comparisons
presented below are those between the potassium-
deficient rats and the entire control group. Data
from the latter group have been reported previously
[1]. It should be noted that despite a lower body
weight in the potassium-deprived group, the kid-
neys were larger than those of the controls (P <
0.001; Table 1).
Some parameters for arterial blood and right kid-
ney function are summarized in Table 1. In com-
parison to values previously reported for rats fed a
normal diet [1], the mean blood pressure and hema-
tocrit of potassium-deprived rats were similar, but
there was a significant reduction in plasma sodium
and potassium concentrations. Urinary flow rate,
GFR, urinary osmolality, and fractional excretion
of potassium were also reduced, but fractional ex-
cretion of sodium was unchanged.
Table 2 presents a summary of the fluid analysis
for the loop of Henle. Compared to normal values
[1], the tubule fluid-to-systemic plasma (TF/P) ratio
of inulin, TF/P osmolality, and TF/P sodium for po-
tassium-deprived animals were not significantly dif-
ferent. The TF/P potassium ratio decreased from
5.8 0.5 to 2.3 0.2 (P <0.001). The TF/P potas-
sium-to-TF/P sodium ratio, indicative of the frac-
tional delivery of potassium to the end of the de-
scending limb relative to that of sodium, was also
reduced from 2.5 0.1 to 1.1 0.1 (P <0.001), a
value not significantly different from unity. The
fraction of filtered sodium remaining at the end of
the descending limb, ([TF/P sodium]/[TF/P inulin])
x 100, was similar for the two groups. In contrast,
the fraction of filtered potassium remaining was
sharply reduced from 94 i 1% to 38 4% (P <
0.001) after potassium deprivation, a value not sig-
nificantly different from the fractional sodium re-
maining (36 4%).
Table 3 shows the potassium concentrations in
loop fluid and vasa recta plasma from 5 potassium-
deprived rats. Compared to normal values [1], both
loop fluid and vasa recta plasma potassium concen-
trations were significantly reduced following 3 days
of potassium deprivation.
The fraction of filtered potassium remaining at
the end of the descending limb is plotted as a func-
tion of the urinary excretion of potassiuI from the
right kidney in Fig. 1. The results reveal a strong
correlation (y = 27.0 + 3.lx; r = 0.82; P < 0.001).
In Fig. 2, the fraction of filtered potassium remain-
ing is plotted as a function of the urinary potassium
concentration (y = 36.2 + 0.24x; r = 0.64; P <
0.001). Although the scatter is greater than that in
Fig. 1, the correlation is still highly significant (P <
0.001)
Discussion
The purpose of the present experiments was to
determine if a reduction in urinary potassium con-
centration would decrease the net transepithelial
addition of potassium to the juxtamedullary pars
recta or descending limb, as predicted by the hy-
pothesis of medullary potassium recycling [2].
Three days of a potassium-free diet is clearly suf-
ficient to reduce urinary potassium excretion to
very low values, an observation in agreement with a
recent report by Duarte [10]. We hoped this short
interval would minimize the pathologic con-
sequences of prolonged potassium deprivation [11-
14]. The weight of the kidneys of the rats fed the
potassium-free diet, however, was higher, which is
all the more significant because the experimental
rats weighed less than the control rats. This finding
is in agreement with the original report of Spargo
[15], which demonstrated an increase in kidney
mass within a few days after potassium deprivation.
Furthermore, GFR and urinary osmolality were
TF/Pinulin 6.7 0.5 7.1 0.7
TF/Posmolality 3.0 0.1 2.7 0.1
TF/Psodium 2.3 0.1 2.2 0.2
TF/P potassium 5.8 0.5 2.3 0.2k'
(TF/Ppotassium)/(TF/Psodium) 2.5 0.1 1.1 Ø•1b
Fraction offiltered load remaining at end of descending limb
Sodium,% 39 3 36 4
Potassium,% 94 11 38 4b
a Values are means 5EM. Abbreviations are TF/P, tubule
fluid-to-systemic plasma.b P < 0.001.
Table 3. Potassium concentration in descending limb fluid and
vasa recta plasmaa
Normal Potassium
potassium diet deprivation
(N= 18) (N= 15)
Descending limb fluid, ,nEqlliter'
Vasa recta plasma, mEq/kg H201
26 236 2 4.1 0458.6 055
a Values are means SEM. Vasa recta plasma values were cor-
rected for plasma water assuming a protein concentration of 7 g/
d11[4, 6].
5P < 0.001.
Table 2. Composition of fluid from end of descending limba
Normal Potassium
potassium diet deprivation
N= 18) N= 15)
200 —
f fl PotassiumSodium
_ I[1
High K4 NocipI K4 Ne K
Fig. 3. The fraction of filtered potassium (open bars and sodium
(shaded bars) remaining (in percent) at the end of the descending
limb ofthe juxtamedullary nephron for animals fed a high-p otas-
sium diet /2], normal potassium diet [2] or potassium-deficient
diet (present study). The difference between bars approximates
the net transepithelial addition of potassium to the juxtamedul-
lary descending limb or pars recta (see text for further ex-
planation).
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Fig. 1. The fraction offiltered potassium remaining in fluid at the
end of the juxtamedullary descending limb, ([TF/P potassium]!
[TFIP inulin]) X 100, as a function of urinary excretion ofpotas-
sium (in percent). The closed circles are rats fed a normal potas-
sium diet, and the open circles are the potassium-deprived
group. A clear correlation exists (y = 27 + 3.lx; r = 0.82; P <
0.001).
both reduced. We have no explanation for the fall in
GFR. It is possible that young rats may be more
compromised than adult rats by potassium depriva-
tion. It is most unlikely, however, that the fall in
GFR was a factor in the decreased fraction of fil-
tered potassium remaining at the end of the jux-
tamedullary descending limb, because GFR also fell
in young rats fed a high-potassium diet, and in those
rats the fraction of filtered potassium remained
nearly doubled [2]. The fall in urinary osmolality af-
ter 3 days of a potassium-free diet confirms the pre-
vious finding of Duarte [10] and may represent a
combination of increased thirst and decreased con-
centrating ability [16].
Figure 3 illustrates the fraction of ifitered potas-
sium and sodium remaining at the end of the de-
scending limb in three groups of rats fed diets con-
taining different quantities of potassium [2]. Studies
of the isolated perfused descending limb in vitro
[17] and of the descending limb in vivo [18] strongly
suggest that little or no net transepithelial move-
ment of sodium occurs across the descending limb
of Henle of the rat. Assuming that to be the case,
then the fraction of filtered sodium remaining at the
end of the juxtamedullary descending limb is essen-
tially the same as that remaining at the end of the
0)C
(a -E-°
•0
o .2
C 0
.2
U-
00
x
a-
U-I-
a-
U-
F—
a,
C0I
0000
-J
Urinary potassium concentration
Fig. 2. The fraction offiltered potassium remaining in fluid at the
end of the juxtamedullary descending limb, ([TFIP potassium]!
[TF!P inulin]) x 100, as a function of the urinary concentration
of potassium (in milliequivalents per liter). The closed circles are
rats fed a normal potassium diet, and the open circles are the
potassium-deprived group. A correlation exists (y = 36.2 +
0.24x; r = 0.64; P <0.001).
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juxtamedullary proximal tubule.1 Furthermore, if
potassium is isotonically reabsorbed by the proxi-
mal tubule of the juxtamedullary nephron, as it is in
the superficial nephron [19, 20], then the value for
the fraction of filtered potassium delivered to the
beginning of the descending limb is the same as the
fraction of filtered sodium remaining at the end of
the descending limb. The difference in height be-
tween the clear and shaded bars in each pair in Fig.
3 therefore approximates net transepithelial addi-
tion of potassium to the juxtamedullary descending
limb (or pars recta). This means that on the average,
the equivalent of 120% of the filtered load of potas-
sium is added to the pars recta or descending limb
of rats fed a high-potassium diet and 55% in rats fed
a normal diet. In rats fed a potassium-free diet, the
percent of filtered potassium remaining (38%) and
that of filtered sodium remaining (36%) were not
significantly different. This suggests that net potas-
sium addition is virtually abolished by 3 days of po-
tassium deprivation.
As depicted in the figures, there is a correlation
between the fraction of filtered potassium remaining
at the end of the descending limb and both urinary
excretion of potassium (Fig. 1) as well as urinary
concentration of potassium (Fig. 2) from the right
(unexposed) kidney. This observation is consistent
with previous findings [2] and with the hypothesis
that potassium reabsorbed from the collecting tu-
bule is the source of potassium secreted into the de-
scending limb of the juxtamedullary nephron.
The physiologic significance of this new intra-
renal pathway for potassium remains unclear, al-
though the correlation between the degree of potas-
sium recycling and the amount of potassium ex-
creted (ingested) suggests that recycling may have
some role in moderating urinary potassium excre-
tion. Although potassium-recycling could neither
augment nor reduce potassium excretion under
steady-state conditions, it might influence the renal
response after acute changes in potassium intake.
Further work is necessary to assess the physiologic
importance of medullary potassium-recycling.
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